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CROP BREEDING, GENETICS & CYTOLOGY 
Genotype and Genotype X Environment Interaction Effects 
for Forage Yield and Quality of Intermediate Wheatgrass’ 
K. P. Vogel, P. E. Reece, and J. F. S .  Lamb* 
ABSTRACT 
Intermediate wheatgrass [Thinopyrum intermedia (Host) Bark- 
worth and D.R. Dewey] is grown over a vast geographical area in 
North America, but information on the genetic variability for ag- 
ronomic traits and the stability of these traits over environments is 
limited. Genotype and genotype X environment interaction effects 
for forage yield and quality of intermediate wheatgrass were studied 
using 36 strains (plant introductions, experimental strains, and a 
released cultivar). They were grown in two central Great Plains en- 
vironments, Lincoln and Alliance, NE, that differ markedly in cli- 
mate. Forage yield and forage quality, measured by in vitro dry 
matter digestibility (IVDMD) and percent protein, were determined 
in both locations in 1980 and 1981 in spaced-plant nurseries. In the 
combined analyses over years and locations, there were significant 
differences among strains or genotypes (G) for first-cut yield and 
IVDMD, but not for protein. Strain X location (GL) and strain X 
year (CY) interaction effects were significant for first-cut forage yield 
but not for IVDMD, a trait that appears to be relatively stable over 
environments. For forage yield, the variance component for strains 
(ui) was 300% larger than those for GL (u,:,) and GY (&). These 
variance components results plus rank correlations of the strains in 
the two environments of 0.77 for both first-cut IVDMD and yield 
indicate that the strains ranked similarly for both traits in both 
environments. Existing genetic variability for forage yield and qual- 
ity as measured by IVDMD should permit the development of im- 
proved intermediate wheatgrass populations. At least in the initial 
stages of a breeding program, selection for these traits could be done 
in a single environment. Concurrent selection for both first-cut yield 
and IVDMD is feasible since the phenotypic correlation coefficients 
between these traits were positive and significant for both locations. 
Additional index words: Agropyron intermedium, In vitro dry mat- 
ter digestibility, Digestibility, Agropyron trichophorum, Protein, Ely- 
triga intermedia, Thinopyrum intermedia. 
NTERMEDIATE wheatgrass [ Thinopyrum inter- I media (Host) Barkworth and D.R. Dewey], native 
to extensive areas of Europe and Asia, is a cool-season, 
cross-pollinated grass that is adapted to the central and 
northern Great Plains and the Intermountain West of 
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the USA and Canada. The glabrous and pubescent 
types of intermediate wheatgrass were listed as Agro- 
pyron intermedium (Host) Beauv. and A. trichopho- 
rum (Link) Richt., respectively, by Hitchcock (195 1). 
Dewey (1978) and Mariam and Ross (1972) concluded 
that the glabrous and pubescent types were part of the 
same species complex and should be treated as a single 
species. Dewey (1984) proposed that both types be 
named Thinopyrum intermedia. Dewey’s (1984) re- 
vised classification and nomenclature of the Agropy- 
rons, which is based on both morphological and phy- 
logenetic relationships, will be used in this report. 
Although intermediate wheatgrass has been used al- 
most exclusively as a range and pasture grass for beef 
cattle (Bos taurus) and for hay production, none of the 
cultivars released to date have been selected for forage 
quality (Hanson, 1972; Lawrence, 1982). Wurster et 
al. (1971) reported significant differences for in vitro 
dry matter digestibility (IVDMD) between forage of 
‘Oahe’ and ‘Greenar’ intermediate wheatgrass culti- 
vars when harvested at heading and 2 weeks after 
heading. Thaden et al. (1 975) reported significant dif- 
ferents in IVDMD of both whole tillers and flag leaves 
among progenies of a five genotype diallel cross of 
intermediate wheatgrass. They concluded that it should 
be possible to breed for improved forage IVDMD and 
that whole tillers rather than tiller parts should be used 
in the assay. 
Limited research has been conducted on the genetic 
variability of agronomic traits in intermediate wheat- 
grass and the stability of these traits over environ- 
ments. Heinnchs et al. (1 962) evaluated 47 half-sib 
progenies from three separate polycross nurseries in 
sward plots in three environments in Saskatchewan, 
Canada. They reported significant differences among 
populations and half-sib progenies for 1st- and 2nd- 
yr and total forage yields as well as for 1st-yr seed 
yields and plant height. Population X location inter- 
action mean squares from the overall analyses of var- 
iance were not significant for these traits, and location 
X half-sib progeny mean squares were significant only 
for 2nd-year forage yield, seed yield, and plant height. 
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In general, when half-sib progeny X location inter- 
action effects were detected, they were small in com- 
parison to the main effects. Karn and Berdahl (1984) 
evaluated eight intermediate wheatgrass clones in rep- 
licated mini-plots in 1980 and 1981 at Mandan, ND, 
for in vitro digestible organic matter (IVDOM). They 
reported significant differences among clones for IV- 
DOM for the 2-yr period. Clone X year effects were 
not significant. Clone X sampling date effects were 
significant but were small in comparison to the effects 
of clones. Rice and Brown (1 985) evaluated 20 clones 
over a 2-yr period for forage nitrogen (N), acid deter- 
gent fiber (ADF), neutral detergent fiber (NDF), hem- 
icellulose, K, Mg, Ca, P, and S content. They reported 
that clone X year effects were significant for all traits 
except for K and S. Clone X harvest effects were sig- 
nificant for N, ADF, and Ca. 
The purposes of this study were: i) to obtain esti- 
mates of the genetic variability for forage yield and 
quality (IVDMD and protein) among intermediate 
wheatgrass strains and ii) to determine the relative 
importance of genotype and genotype X environment 
interaction effects for these traits. Because current in- 
termediate wheatgrass cultivars have a narrow genetic 
base, most of the strains evaluated were plant intro- 
ductions that offer breeders the potential to broaden 
the germplasm base. 
MATERIALS AND METHODS 
The two locations in this study were Alliance and Lincoln, 
NE. Alliance is located about 540 km west of Lincoln at 
about the same latitude. The climatic variables of Lincoln 
vs. Alliance, respectively, are as follows: altitude, 351 vs. 
1226 m; average annual precipitation, 740 vs. 400 mm; av- 
erage annual temperature, 11 vs. 8°C; growing season, 160 
vs. 120 days (National Oceanic and Atmospheric Admin- 
istration, 1979- 198 1). The Lincoln and Alliance experiments 
were located on a Kennebic soil (fine-silty, mixed, mesic 
Cumulic Hapludoll) and a Keith soil (fine-silty, mixed, mesic 
Aridic Arguistoll), respectively. 
Thirty-six strains (1 7 glabrous and 19 pubescent) of in- 
termediate wheatgrass were included in this study. The strains 
were 3 1 plant introductions; the experimental strains, Man- 
dan 759 and NE 375; two clonal strains vegetatively prop- 
agated from two plants of 'Slate' selected at random; and the 
cultivar Slate. Seed of the introductions, which were from 
USSR, Iran, and Turkey, was obtained from the USDA Plant 
Introduction Station, Pullman, WA. 
Plants of all strains, except the two clonal strains, were 
started in the greenhouse in February 1979 and grown as 
individual seedlings in Cone-tainer3 supercell containers, 
which are plastic tubes 21.6 cm deep and 3.8 cm in diam at 
the top. The two clonal strains were formed by subdividing 
two randomly selected clones of Slate into 80 ramets, each 
which were transplanted into Cone-tainer supercells. The 
plants were transplanted into nurseries at Lincoln on 9 May 
1979 and at Alliance on 22 May 1979. Plots were single rows 
of 10 plants, with plants and rows spaced 1.1 m apart. The 
experimental design at each location was a randomized com- 
Mention of a trademark, proprietary product, or vendor does 
not constitute a guarantee or warranty of the product by the USDA 
or Univ. of Nebraska and does not imply its approval to the exclu- 
sion of other products or vendors that may also be suitable. 
plete block with four replications. Each nursery was sur- 
rounded by a row of border plants. The limited amount of 
seed of plant introductions available for testing precluded 
use of seeded plots. 
The Lincoln nursery was fertilized with 100, 112, and 90 
kg ha-l N in September 1979, April 1980, and April 1981, 
respectively. The Alliance nursery was fertilized with 45 kg 
ha-I N and 22 kg ha-' P in April 1980 and 67 kg ha-' N 
in May 198 1. Both nurseries were mowed in the early spring 
of 1980. The Lincoln nursery was rototilled in the spring of 
1980 and 1981 to trim plants to a uniform size of 0.25 m2. 
Rototilling to keep plants separate was not necessary in the 
Alliance nursery because the more arid conditions reduced 
rhizomatous spread of the plants. 
First cut or first harvest of forage was made after all plants 
in the nurseries had headed. Second cuts of forage were made 
after a heavy frost had ended the growing season. A second 
cut was not made at Alliance in 1980 because of insufficient 
regrowth. A flail-type forage harvester was used for all har- 
vests. The cutting height was 13 cm. 
Subsamples for determination of dry matter, protein, and 
IVDMD consisted of approximately 200 g of freshly har- 
vested forage that was weighed in the field, dried in a forced- 
air oven at 65"C, and reweighed. Subsamples were com- 
posited by combining a minimum of four grab samples per 
plot. Dry matter content was determined, and yields were 
reported on a dry weight basis. Dried samples were ground 
in a Wiley3 mill through a 1-mm screen. The Tilley and Terry 
(1 963) procedure with minor modifications was used to de- 
termine IVDMD, while the Kjeldahl procedure (Association 
of Official Agricultural Chemists, 1960) was used to deter- 
mine percent N. Crude protein was calculated by multiplying 
Kjeldahl N percent by 6.25. 
Days to heading was the number of days after 30 April 
when the majority of the spikes had emerged from the boot 
of individual plants. The 1st yr basal width of all plants was 
measured in April 1980 at Lincoln (before rototilling) and 
in May 1980 at Alliance. Height to the top of the spikes was 
measured for all plants in 1980 at Lincoln and 1981 at Al- 
liance. 
All results were expressed and analyzed as individual plant 
means per plot to simplify comparison among strains and 
to compensate for missing plants. Analyses of variance were 
used to evaluate results at each location for each year, over 
years for a single location, over locations for a single year, 
and over years for both locations. The over years analysis 
of variance was analyzed as a split-plot in time. Unweighted 
treatment means were used in the combined analyses over 
years and locations to determine significance of the main 
effects of strains, locations, and years and their interactions 
(Cochran and Cox, 1957, p. 558). The error term for this 
analysis was calculated by pooling error mean squares from 
individual year, over-locations analysis of variances as de- 
scribed by Cochran and Cox (1957, p. 558). Strains, loca- 
tions, and years were considered random in all analyses. 
Variance components were calculated from mean squares 
using standard procedures. Pearson correlation coefficients 
were determined between traits. Rank correlations were also 
determined between locations for each trait by using Spear- 
man correlations (Steel and Torrie, 1960). 
The selection index developed by the Nebraska maize (Zeu 
mays L.) breeding program for combining yield and IVDMD 
into a single index value (Roth, 1971) was also calculated 
for each strain for each year for each location. The Nebraska 
Index is: NI = [(yield - Xyield)/s(yield)] + [(IVDMD - 
XIVDMD)/s(IVDMD)], where Xand s are the location mean 
and standard deviation for a single year. 
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RESULTS AND DISCUSSION 
In the central Great Plains, Alliance and Lincoln, 
NE, represent the range in environments in which in- 
termediate wheatgrass is commonly grown and they 
also represent nearly the opposite ends of the east-to- 
west climatic continuum of this region. These two sites 
thus are very useful for estimating the relative mag- 
nitude of genotype (G) and genotype X environment 
(GE) interaction effects for intermediate wheatgrass in 
the central Great Plains. Strains will be referred to as 
genotypes to conform to conventional terminology. 
Mean annual precipitation and temperature at Lin- 
coln were 62 1 mm and 1 1.1 "C, respectively, while at 
Alliance they were 383 mm and 8.5"C, respectively, 
during the 3 yrs of this study (National Oceanic and 
Atmospheric Administration, 1979-1 98 1). As a result 
of differences in climate, forage yields for both first 
and second cut were greater, heading date was earlier, 
and dry matter content of the forage at harvest was 
less at Lincoln than at Alliance (Table 1). Protein con- 
tent was usually greater at Lincoln that at Alliance. 
Mean 1 st-yr spread (plant width) was the same for both 
locations, but the range was greater at Lincoln. There 
were no consistent trends between locations for 
IVDMD (Table 1). 
In all single-year and single-location analyses, there 
were significant differences among strains for all first- 
cut traits and for all second-cut traits, except for pro- 
tein content at Lincoln in 198 1 and IVDMD at Alli- 
ance in 1981. In the over-years analyses for each lo- 
cation, there were significant differences among 
genotypes for all traits for which 2-yrs' data were avail- 
able (Table 1). In the over-year analyses within loca- 
tions, mean squares for genotype X year (GY) inter- 
action effects were not significant for either first or 
second cut IVDMD and protein at Lincoln and first 
cut IVDMD at Alliance. The GY interaction effects 
were significant for first- and second-cut yields and 
first-cut dry matter percent at Lincoln and first-cut 
yield and protein at Alliance. 
In the individual-year analyses over locations for 
1980 (not shown) mean squares for genotypes were 
significant for all traits except for first-cut protein con- 
tent. Genotype X location (GL) effects were significant 
for heading date, first-cut yield, and protein content. 
In 1981, there were significant differences among the 
strains over locations for all traits except for first- and 
second-cut protein and second-cut IVDMD (Table 2). 
In 198 1, GL effects were significant for all traits except 
for first-cut IVDMD and dry matter percentage and 
second-cut protein. Second-cut forage yields at Lin- 
coln comprised 31% of the total yield but only 19% at 
Alliance in 1981 (Table 1). 
The traits of most interest and for which 2-yrs' data 
for both locations were obtained were first-cut yield, 
IVDMD, and protein. In the combined analyses over 
years and locations, there were significant differences 
among strains for these traits, except for protein (Table 
3). There were also significant differences among strains 
for heading date and dry matter percentage. In the 
overall analyses, the GL effect was significant only for 
Table 1. Means and ranges of agronomic traits of intermediate strains mown at Lincoln and Alliance. NE. in 1980 and 1981. 
~ ~ ~ ~ ~ ~ ~ 
Plant Yield IVDMD Protein Dry matter 
Location Heading 
Year Statistic date$ Width Height Total Cut 1 Cut 2 Cut 1 Cut 2 Cut 1 Cut 2 Cut 1 Cut 2 
- Lincoln 
1980 X 
Range 
cv % 
Range 
cv % 
Range 
F ratio 
- 
1981 X 
1980-1981 
for u&t 
Alliance 
1980 X 
- -  
Range 
cv % - 
1981 X 
Range 
cv % 
1980-1981 57 
Range 
F ratio 
for c$w'pyt 
Overall 57 
Slate 
Mandan 759 
LSD 0.05 
Range 
days 
41** 
30-47 
3.6 
30** 
27-37 
4.7 
35;. 
29-40 
43** 
40-46 
3.3 
51** 
42-58 
3.7 
47** 
41-52 
1.8 
41 
35-46 
43 
46 
5 
- c m - -  g/plant ~ % 
22;; 
14-33 
12.8 
22** 
15-28 
16.7 
I 
- 
93'8 4778; 
64-108 123-898 
5.7 22.7 
405'8 
15.1 
440;; 
11 1-628 
133-737 
309** 
23.8 
295'; 
16.3 
303** 
84-603 
87-501 
102-512 
** ** 
- 211** 
- 45-359 
- 28.1 
76** 217;; 175** 
39-93 62-362 38-289 
7.4 27.7 28.2 
- 193** 
- 41-296 
** 
253 
71-373 
366 
351 
13 
163** 
36.8 
108** 
28.4 
136** 
23-259 
29-358 
8-176 
48.6** 
6.2 
50.4** 
45.0-55.2 
5.4 
49.58' 
44.6-54.2 
40.4-54.7 
59.9;; 
54.0-64.8 
5.1 
55.0;; 
47.4-62.2 
6.9 
57.48; 
51.1-62.3 
11.9** 17.6; 
9.6 9.0 
9.8** 16.1 
8.8 7.8 
10.9;; 16.8** 
8.7-14.4 15.1-21.1 
7.8-11.4 13.3-17.9 
8.8-12.7 14.7-19.2 
35.8** 45.0** 
5.9 10.4 
45.3** 40.9** 
4.7 8.4 
40.5;; 43.1;. 
27.6-42.3 40.3-70.3 
38.2-51.8 34.4-59.1 
34.9-46.4 37.4-65.8 
8 8 NS NS NS NS NS 
- 46.2;; 
- 40.5-53.4 -- 
I 5.4 
41** 51.4;; 54.8 
62.6 4.9 6.9 
48.8** 
9-79 44.4-57.8 49.1-59.7 
-- 42.5-55.6 -- 
8.9** 
7.2 
8.9** 
8.6 
8.9** 
7.8-10.4 
8.0-10.4 
8.0-10.3 
-- 41.6** 
-- 36.1-48.5 -- 
8.1 
12.2;; 49.2;' 51.5** 
10.0 7.5 8.8 
10.0-14.2 43.1-58.8 46.7-66.6 
- 45.48; 
_- 40.2-51.8 -_ 
8 NS NS 
49.3 9.9 42.9 
44.6-54.6 8.6-10.9 37.6-47.7 
51.8 
54.6 
2.0 
9.7 
10.5 
1.6 
42.9 
39.8 
2.8 
~ ~ ~~ 
*,** Indicates the F test for strains was significant at the 0.05 and 0.01 levels of probability, respectively. 
t *,** indicates that the mean square due to the interaction of strains and years was significant at the 0.05 and 0.01 levels of probability, respectively. 
$ Days after 30 Apr. 
NS indicates nonsignificance. 
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Table 2. Mean squares of plot means from the combined analyses of Lincoln and Alliance intermediate wheatgrass nurseries for 1981. 
Mean sauares 
First cut Second cut 
Heading Total Dry Dry 
Source date yield Yield IVDMD Protein matter Yield IVDMD Protein matter 
~ ~ ~ ~~ ~~ 
days - glplant - % glplant % 
Location (L) 24 805 2 221 988 986 252 31.5 49.9 1 033.8 267 343 10.5 866.8 6 487.6 
Rep (R) 4 13935** 4081 40.0** 0.5 31.6** 11 276 54.2** 5.6** 26.1 
Strain (GI 62** 56 846** 33 548;: 51.4** 1.4 57.0** 4 662** 23.8** 3.5** 58.9* 
G x L  17** 11 756** 8482** 6.3 1.6* 10.4 1351* 20.7* 2.2 33.6** 
Error 3 3 838 2 472 6.4 0.6 10.0 811 13.7 1.5 16.6 
*,** Significant at the 0.05 and 0.01 levels of probability, respectively, for reps, strains, and G x L. 
Table 3. Analyses of variance form, mean squares (MS), and variance components (VC) of plot means for the combined analyses for the 
Lincoln and Alliance, NE, intermediate wheatgrass nurseries for 1980 and 1981 for the first cut. 
Traits 
Yield IVDMD Protein Dry matter % Heading date 
Source df 
Location (L) 1 
Strain (G)  35 
L x G  35 
Year (Y) 1 
Y X L  1 
Y x G  35 
Y x L x G  35 
Pooled error (dt  
MS 
535 247 
31 954** 
5 487** 
27 919 
2 362 
2 968: 
1533* 
973 
VCt 
7 346 
6 258 
(1 894) 
1977 
(622) 
335 
23 
718 
(388) 
155 
MS VCt MS VCt MS VCt MS VCt 
38.1 - 1.5 
31.0** 6.8 
(1.8) 
3.4 0.6 
(0.5) 
502.5 5.6 
102.8* 2.8 
2.6 0.2 
(0.4) 
2.2 2.2 
2.1 
146.9 1.4 
1.4 0.1 
(0.1) 
1.1** 0.5 
(0.1) 
43.1 0.0 
42.4** 1.2 
0.3 0.1 
(0.4) 
0.2 0.2 
0.2 
985.3 13.2 
30.4** 6.6 
(1.8) 
2.9 0.0 
(0.51 
2 646.3 36.2 
35.4** 0.9 
3.8 0.5 
(0.5) 
2.9 2.9 
2.7 
4 622 
42** 
3 
1126 
3 046** 
1 
lo** 
1 
~ ~ ~ ~ ~ ~ ~ ~~ ~ 
*,** Significant at the 0.05 and the 0.01 levels of probability, respectively, for genotypes and interaction effects. 
t Standard errors (SEI of the variance components for G, L x G. and Y x G are listed in parentheses under the variance component. 
$ o? was estimated by (s:lr + s W 1 ,  where s: and s: are the error MS from the individual year, over-locations analysis of variance, I = number of locations, 
and r = number of replications. 
first-cut yield and protein. The GY effect was signifi- 
cant only for forage yield. These results, except for 
protein, are consistent with single location over years 
analyses and the single year over locations analyses. 
There were significant differences among strains for 
first-cut protein within locations but not over loca- 
tions. The variance components for strains (ci were 
considerably larger than those for GL (ai,) or GY 
(ai,) for all variables other than protein (Table 3). 
Spearman correlations, which are correlations of rank 
order, were used to compare the ranking of the strains 
in the two environments (Table 4). There are large 
positive Spearman correlations for all first-cut traits 
except for protein (Table 4). In general, the Spearman 
correlations indicate that the rankings of the strains at 
the two locations were fairly consistent for first-cut 
traits except for protein. Pearson correlations of the 
strains over locations were similar to the Spearman 
correlations (Table 4). 
In the top one-third of the strains (12) for each lo- 
cation there were nine and eight strains in common 
over locations for yield and IVDMD, respectively. Al- 
though the GL interaction effect for forage yield was 
significant, the ranking of the strains at the two lo- 
cations suggests that the significant GL effect was due 
to differences among genotypes in the magnitude of 
the response to environment rather than to changes 
in rank. The location means for first-cut IVDMD in 
contrast to those for forage yield were quite similar 
(Table 1). The environmental factors that affected yield 
apparently did not affect IVDMD, resulting in small 
Table 4. Spearman and Pearson correlation coefficients for first- 
cut traits between Lincoln and Alliance, NE, for 1980 and 1981 
strain means of intermediate wheatgrass. 
Correlation coefficient 
Trait Spearman Pearson 
Yield 0.77** o m * *  
IVDMD 0.77** 0.80** 
Index (NI) 0.87** 0.91** 
Protein 0.20 0.15 
Heading date 0.80** om** 
Dry matter 0.84** 0.83;; 
** Correlation significant at a = 0.01 level. 
and nonsignificant GL interaction effects for IVDMD. 
The most important forage traits of wheatgrass are 
yield and quality (White and Wight, 1981). Because 
first-cut yields provide the bulk of the forage produced 
by intermediate wheatgrass and because first-cut yield 
and IVDMD are positively correlated (Table 5), a se- 
lection index (NI) was used to rate the strains for both 
traits. This index gives equal weight to yield and 
IVDMD. The strains with the highest and lowest NI 
values over years and locations along with their rank 
in each location are listed in Table 6. The rankings of 
the strains in both environments for the NI values 
(Spearman correlation of 0.87) was very similar for 
both locations (Table 6). The strains with the highest 
NI values had both high yields and high IVDMD. The 
mean of the five best yielding strains was 38% higher 
than the overall mean yield and, except for Slate, were 
3 percentage points higher in IVDMD than the overall 
mean. The two PI lines, 326209 and 3 16 122, and the 
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Table 5. Phenotypic correlations between traits for strain means of intermediate wheatgrass for the Lincoln and Alliance, NE, nurseries.
The correlations for Alliance are above the diagonal and those for Lincoln are below the diagonal, t
First cut Second cut
Heading
date Height Width Yield
Dry
IVDMD Protein matter % Yield
Dry
IVDMD Protein matter '
Total
yield
Heading date
Height
Width
First cut
Yield
IVDMD
Protein
Dry matter %
Second cut
Yield
IVDMD
Protein
Dry matter %
Total yield
0.16
0.56**
0.21
0.62**""
0.24 0.49**
0.81**
0.80**
0.60** 0.69**
0.77* 0.20
0.79** -0.16
-0.80** -0.19
0.38* 0.63**
0.11
-0.36 -0.04
0.11 -0.56**
0.89**
0.59** 0:67**
0.23 0.30*
-0.63** -0.77**
0.80** -0.32 -0.58**
0.34* -0.52** -0.51**
0.51** -0.59** -0.50**
J>.47*
0.39*
0.68**
* -0.46** 0.50** 0.71**
-0.46** -0.51** 0.45**
0.63** -^--^ ,^  0.53** -0.54**
-0.71** -0.70**~~-~~^ -0.53**
0.79** 0.80** 0.51** 0.10
0.34* 0.56** 0.28 0.00
-0.26 -0.18 -0.23 -0.18
-0.27 -0.43** -0.03 0.05
-0.50**
-0.36* 0.43**
0.20 -0.39*
0.32* -0.37*
0.19
0.05
0.20
0.23
0.26
0.04
_0.07
-0.44** -0.13
-0.19 -0.39*
0.49**
0.81**
-0.27 -0.43** 0.98**
-0.41** -0.14 0.48**
0.45** 0.12 -0.49**
0.28 0.27 -0.50**
0.36*
-0.65** -0.36!
-0.50** -0.35**
0.26 -0.37*
-0.29
0.82*
0.17
-0.35*
-0.43**
0.56** 0.71** 0.90** 0.98** 0.65* 0.25 -0.72** 0.90** 0.54** -0.26 -0.42*
*,** Significant at the 0.05 and the 0.01 levels of probability, respectively.
T Alliance correlations are for 1981 (except for width which are for 1980). Lincoln correlations are over the years 1980 and 1981, except for plant height
and width which are for 1980.
Table 6. Strains of intermediate wheatgrass with the highest and
lowest first-cut selection index over years and locations.
Index rank
Strain
High
Mandan 759
PI 326209
PI 316122
NE375
Slate
PI 401015
Low
PI 401498
PI 401189
PI 401195
PI 314193
PI 401200
speciest
P
P
G
G
G
G
P
P
P
P
P
all
1
2
3
4
5
6
32
33
34
35
36
Lincoln
3
1
2
8
4
14
30
27
31
32
36
ance
1
3
5
2
7
4
27
34
35
36
33
Index
NI
2.28
2.20
1.95
1.78
1.72
1.49
-1.42
-1.66
-1.78
-1.88
-1.90
Yield
g/plant
351
357
364
344
366
318
207
177
120
192
140
IVDMD
%
54.6
53.9
52.9
52.4
51.8
52.5
44.6
47.1
46.8
43.6
45.2
t G = glabrous form, P = pubescent form.
strains Mandan 759 and NE375 had NI values higher
than the released cultivar Slate, indicating that supe-
rior germplasm is available for breeding for improved
yield and quality in the intermediate wheatgrass. The
comparable rankings of the strains in the two envi-
ronments and the relatively small GL variance com-
ponents indicate that if selection for first-cut yield and
IVDMD is conducted, much of the initial screening
work could be done in a single environment particu-
larly if diverse, broad-based breeding material such as
plant introductions are being evaluated. Because GY
effects were not significant for first-cut IVDMD in any
of the analyses, it may be possible to use a single year's
data for the IVDMD component of the index.
Phenotypic correlations for the traits evaluated in
this study are listed in Table 5. First-cut yield and
IVDMD are positively correlated in both environ-
ments. First-cut yield was also positively correlated
with heading date, plant height, and width, and sec-
ond-cut yields at both locations. First-cut IVDMD was
positively correlated with heading date, plant width,
and second-cut yield at both locations. The correlation
of first- and second-cut IVDMD was not significant at
either location. First-cut protein content was posi-
tively correlated with yield and IVDMD at Lincoln,
but was negatively correlated with these traits at Al-
liance. These results indicate that plants with high first-
cut yields also tend to have high second-cut yields,
high IVDMD, and are relatively late in maturity. Law-
erence (1962) previously reported low positive corre-
lations of forage yield with protein content, leafiness,
and height.
In summary, there appears to be substantial genetic
variability among intermediate wheatgrasses for first-
cut forage yield and IVDMD. Our results indicate that
IVDMD appears to be relatively stable over environ-
ments. It should be possible to improve both of these
traits in a breeding program. Because genotype X sam-
pling date effects are apparently small (Kara and Ber-
dahl, 1984), a single sampling after heading should be
adequate to measure first-cut IVDMD. Improving the
protein content of intermediate wheatgrass forage by
breeding may be difficult because of the limited var-
iability (Table 1) and the large GL effects for this trait.
It may be possible to breed for improved second-cut
yields (regrowth) in intermediate wheatgrass, but this
would have to be done in environments where there
was enough precipitation or irrigation for the trait to
be expressed. Selection for first-cut yields should im-
prove second-cut yields because they are positively
correlated. A selection index could be useful for si-
multaneous selection for yield and IVDMD. Grazing
and feeding trials are needed to quantify the effect that
differences in IVDMD can have on animal perfor-
mance so that breeders can place relative weights on
forage yield and IVDMD in their breeding programs.
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